cost-effectively satisfy the need for large-scale, high nutritional value products. 10 Exploitation of microalgal strains with high biomass and lipid content is essential for sustainable biodiesel production. Ankistrodesmus sp. is an important source of lipids, pigments, and polysaccharides and is also utilized as a model organism to study cell growth and division. 11, 12 Microalgal cultivation to produce biomass and other products depends on several factors. Nutrients are the major environment determinations of microalgal growth, metabolism and morphology including the accumulated of lipids in the form of triacylglycerols. 13 Microalgae also needs nitrogen and phosphorus as major nutrients which account for 10-20% of microalgal biomass. Moreover, other requirements for growth include macronutrients Na, Mg, Ca, and K together with micronutrients as Mo, Mn, B, Co, Fe, and Zn and also trace elements. 4 Therefore, nutrients play a significant role in culture media for biomass and lipid production from microalgae. This study aimed to optimize the essential nutrient components to improve biomass and lipid productivities from Ankistrodesmus sp.
Materials and Methods

Algal and inoculum preparation
The microalga Ankistrodesmus sp. IFRPD 1061 was obtained from the Institute of Food Research and Product Development (IFRPD), Kasetsart University, Thailand. Ankistrodesmus sp. was cultured in BG-11 medium in a glass photobioreactor placed in an algal chamber under controlled temperature at 30 °C, light and dark cycles of 16:8 h with 32-watt white fluorescents at light intensity of 12 Klux. Carbon dioxide was mixed at 2% with air under continuous feed through a PTFE membrane filter at a flow rate of 0.67 vvm. The BG-11 medium had the following composition (g/L): NaNO3 1.5, K2HPO4 0.04, MgSO4.7H2O 0.075, CaCl2.2H2O 0.036, citric acid 0.006, ammonium ferric citrate green 0.006, EDTA.Na2 0.001, Na2CO3 0.02 and micronutrients (mg/L) H3BO3 2.68, MnCl2.4H2O 1.81, ZnSO4.7H2O 0.22, Na2MoO4.2H2O 0.39, CuSO4.5H2O 0.08, and Co(NO3)2.6H2O) 0.05.
A loopful of Ankistrodesmus sp. from BG-11 agar slant was suspended in 50 mL of BG-11 broth medium in a glass photobioreactor. After cell growth for 3 days, the medium volume was increased to 150 mL for 7 days. The cells were harvested by centrifugation at 8,000 rpm for 10 min and then washed twice with sterile water before being used as inoculum seed. Initial cell concentration was adjusted to optical density at 680 nm of 0.2 or cell dry weight at around 0.1 mg/L in culture condition.
Significant nutrient component
Plackett-Burman design 14, 15 was applied for screening the important nutrients for biomass and lipid production by Ankistrodesmus sp. IFRPD 1061. The experiments were designed, and data analyzed using Minitab 16 Statistical software (Minitab Inc., PA, USA). The total number of experimental runs was determined according to Plackett-Burman design at k+1, where k represents the number of variables (media compositions) based on the first-order model used to screen significant nutrients as variables influencing biomass and lipid productivities as (Eq. 1):
Where Y is the response as the biomass and lipid productivities, β0 is the model intercept, βi is the linear coefficient of the model, and Xi is the level of an independent variable. 14 Each variable is shown at two levels as high and low values by + and -, respectively (Table 1) . Table 2 shows the twelve experimental design runs. The culture was cultivated in a glass photobioreactor and performed in an algal chamber under controlled temperature at 30 °C, light and dark cycles of 16:8 h with 32-watt white fluorescents at light intensity of 12 Klux. Carbon dioxide was mixed at 2% with air under continuous feed through a PTFE membrane filter at a flow rate of 0.67 vvm. 16, 17 All experiments were performed in triplicate. Samples were taken every 2 days for biomass and lipid determination. 
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Analytical methods
Biomass determination
Microalgal growth was measured by optical density at 680 nm using a spectrophotometer (Genesys 20, Thermo Scientific, USA), while dry cell weight was measured by gravimetric determination. Ten milliliters of sample culture was filtered through GF/C filter paper (Whatman, Maidstone, UK) and dried to constant weight at 105 °C. Cell growth was calculated by the equation curve of dry cell weight concentration (g/L) with optical density at 680 nm as 0.6559 OD680 (R 2 =0.9018). Microalgal biomass was collected every 2 days during cultivation and measured at 680 nm by a spectrophotometer in triplicate experiments.
Lipid determination
Lipid content was determined following the method of Bligh and Dyer (1959) with slight modification. 18 Briefly, the sample culture was centrifuged at 8,000 rpm for 10 min, then left to settle before washing twice with distilled water. Cells were suspended in distilled water, methanol and chloroform at a ratio of 0.8:2.0:1.0 and mixed well. The mixture was ultrasonically homogenized for 15 min and then separated by centrifuging at 6,000 rpm for 15 min. The lipid phase was collected, and the cell debris was extracted until the cells had no color. The lipid extract was filtered to remove debris contaminant cells and dried to constant weight at 80 °C.
Results
Nutrient formulation for biomass productivity
Screening of nutrient formulation to optimize biomass and lipid productivities from the microalgal Ankistrodesmus sp. was investigated. The screening of essential medium compositions was carried out by statistical methodology. Plackett-Burman design is a powerful technique for screening important variables. In this study, fourteen nutrient compositions were applied to screen the factors affecting biomass productivity by Ankistrodesmus sp. IFRPD 1061 using Plackett-Burman design and impacts of the various nutrient compositions for Ankistrodesmus sp. IFRPD 1061 cultivation were investigated. Table 1 shows high and low concentrations of the independent variables used to screen nutrient compositions, while Table 2 shows the twelve different experiments conducted for nutrient compositions and corresponding biomass and lipid productivities. Maximum biomass productivity varied in the range of 263-561 mg/L/d. Table 3 shows the effect, coefficient, t-value and P-value analyzed by Plackett-Burman design. Analysis of variance (ANOVA) for biomass productivity showed that all media nutrient cultivation compositions were significant. The first-order model developed by Plackett-Burman design indicated that media constituents were significant factors of Ankistrodesmus sp. IFRPD 1061 biomass productivity (Qx), as shown in Eq. 2: Table 2 . Twelve Plackett-Burman designs for screening nutrient composition in biomass and lipid productivities from Ankistrodesmus sp. 
Run
Medium composition Biomass productivity Lipid productivity
A B C D E F G H J K L (mg/L/d) (mg/L/d) 1 1 -1 1 -1 -1 -1 1 1 1 -1 1
Discussion
Microalgae can be used for several applications including food, feed, nutraceuticals and energy. Nutrient components used as the culture medium are significant factors for biomass and intracellular bio-products. Microalgae have high photosynthetic efficiency, growth rate and biomass yield; they do not require arable land, making them superior potential biofuel candidates. 19 Several factors affect microalgal cultivation and product production. Variation in culture media compositions changes the biochemical composition of microalgal accumulation for valuable products such as lipids, carbohydrates, proteins, and pigments. Different media have varying nutrient quantities that can significantly change the quantity of cell biomass produced during cultivation. 20 Previous studies indicated that different media compositions prominently affected the morphology of Ankistrodesmus falcatus, whereas cultivation in BG-11 medium gave normal morphology. 21 Increase in cell volume and cell wall thickness of nutrient-limited algae may reflect storage of proteins, carbohydrates and lipids as a result of delayed cell division. 21 Both macronutrients and micronutrients are important for microalgal growth and lipid intracellular accumulation. Nitrogen is a constituent of protein synthesis and important for cell division and growth of microalgae. A metabolic balance exists between the rate of carbon fixation and rate of nitrogen assimilation under sufficient nitrogen concentrations in a culture medium. 22, 23 Phosphorus is an important nutrient for microalgal growth as it plays a significant role in cellular metabolic processes related to energy transfer, signal transduction, photosynthesis and respiration. 24, 25 Our results validated that optimum nutrient formulation of media culture to maximize Ankistrodesmus sp. biomass productivity involved nitrogen, phosphorus and magnesium as macronutrients at reduced quantities than the BG-11 standard formulation. Previous studies on different culture media regarding biomass productivity determined that growth rate of Ankistrodesmus falcatus was the highest in BG-11 media compared with BBM, CHU-10 and ZM. 21 However, optimum biomass productivity from our results showed higher values than 6.14 mg/L/d. Moreover, production costs of ZM and CHU-10 are higher than BG-11 medium due to excess quantity of sodium bicarbonate and other nutrient sources, especially micronutrients. 21 Therefore, the optimum medium provided the minimum quantity of nutrients to support the maximum growth of Ankistrodesmus sp.
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The accessibility of nutrients is one of the main factors coordinating the growth and biochemical accumulation of microalgae. Cell growth rate and biomass productivity also play important roles in determining microalgal lipid productivity. Therefore, it becomes important to optimize nutrient appropriation to achieve the optimum lipid productivity. A similar study found no significant differences in total lipid in cells grown in BG-11 and CHU-10, while CHU-11 had higher production cost than BG-11. Optimum nutrient composition for lipid production gave Mg, Na, Zn and Mo at less than BG-11 standard medium. These nutrients induce microalgae to undergo secondary growth and increase lipid concentration. Moreover, Mg serves as the central atom of the chlorophyll molecule and plays a critical role during photosynthetic activity while also synthesizing genetic material. 26 Previous results reported magnesium sulfate as a major component affecting lipid productivity of Botryococcus braunii and starvation of Mg showed increasing lipid content for a short time period from Chlorella vulgaris and Scenedesmus obliquus. 27, 28 Phosphorus starvation is widely recognized as the main lipid inducer for green microalgal species. 29 Our results were similar to previous reports that phosphorus was not essential in the medium composition. Algal growth can be promoted by gas feeds which increase CO2 algal bioavailability. 30 Thus, Na2CO3 is unnecessary in medium composition for lipid production due to Ankistrodesmus sp. cultivation under continuous CO2 gas feed. Hence, optimum nutrients in culture media should be improved for Ankistrodesmus sp. IFRPD 1061 microalgae to achieve high biomass and lipid productivities.
Conclusions
Nutrients play an important role in medium formulation to achieve maximum accumulated biochemical composition of microalgae and they can be applied to scale-up microalgal production. Maximum biomass and lipid productivities from optimum nutrient content in the culture medium were improved for Ankistrodesmus sp. IFRPD 1061. All nutrients significantly affected biomass productivity, whereas phosphorus, and Na did not significantly affect lipid productivity. However, further investigations are necessary to develop mixotrophic microalgal cultivation processes for Ankistrodesmus sp. biomass production by adding chemicals to induce stress lipid accumulation as the second stage.
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